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MICRO THREE-DIMENSIONAL STRUCTURE^ PRODUCTION 
METHOD THEREFOR AND PRODUCTION DEVICE THEREFOR 



TECHNICAL FIELD 

The present invention relates to a micro three- 
dimensional structure, the outer shape of which is on the 
order of several micrometers to nanometers, and produced 
using a CVD method, particularly, a focused ion beam 
method, a production method therefor, and a production 
device therefor, 
BACKGROUND ART 

Products of micro three-dimensional structure 
include, for example, a gear, a bellows, a coil, a drill, 
a knife, and the like which are used as micromachines . 
They can be applied as well to a DNA handling miniature 
tool, a micro engine, a micro shutter, and a probe for a 
scanning probe microscope. 

On the other hand, the micro three-dimensional 
structure is also related to the field of direct draw 
three-dimensional lithography which is now under 
investigation for purposes of higher integration of 
semiconductor devices . 

CVD based methods of producing a micro three- 
dimensional structure are classified into three which use 
light (laser), a focused electron beam, and a focused ion 
beam, respectively. in the lithography, production of 
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deflection grating, and the like, a three-dimensional 
structure is made of a vertical deposit which is mainly 
perpendicular to a substrate. 
DISCLOSURE OF THE INVENTION 
5 However, the photo-assisted CVD has limitations in 

the production of three-dimensional nano-structures due to 
a restriction of the width of a beam forced thereto in 
dependence on the wavelength, and must incline a stage for 
three-dimensionally bending the beam in the horizontal 

10 direction. 

On the other hand, the focused electron beam, 
similar to the focused ion beam, provides a beam diameter 
of several nanometers, so that it is suitable for the 
production of micro structures. In addition, since both 

15 beams can be deflected through an electric field and a 

magnetic field, a stage need not be inclined for producing 
a three-dimensional structure. However, since electrons 
have a problem due to its light mass as compared with ions 
that the electrons travel over a wide range and therefore 

2 0 penetrate a deposited three-dimensional product and the 
electrons reach a substrate, thereby causing deposits at 
unwanted locations - 

In view of the foregoing situation, it is an object 
of the present invention to provide a micro three- 

25 dimensional structure capable of producing a micro three- 
dimensional structure (micrometer- to nanometer-order 
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outer shape) having a complicated structure, a production 
method therefor and production device therefor. 

The present invention achieves the above object by: 
[1] a method of producing a micro three-dimensional 
structure, characterized by comprising the steps of: (a) 
irradiating a focused ion beam to a sample while supplying 
a material gas to form a deposit; (b) releasing secondary 
electrons from the deposit hit by ions to allow the 
secondary electrons to form a terrace on the deposit; (c) 
deflecting the focused ion beam in a desired direction of 
the terrace based on a set amount from a focal position 
controlling apparatus; (d) forming an overlying deposit at 
a displaced position on the terrace based on the 
deflection amount; and (e) repeating the steps (b) to (d) 
in sequence to form a set micro three-dimensional 
structure. 

[2] A method of producing a micro three-dimensional 
structure described in [1] is characterized in that a beam 
source is Ga% Si\ SL^\ Be\ Be*% Au\ or Au"* as liquid 
metal ions, or H* or He^ as a gas ion source; 

[3] A method of producing a micro three-dimensional 
structure described in [1] is characterized in that the 
material gas is WF,, W(CO),, Mo(CO),, Fe(C0)5, Ni(CO),, 
Au(CH3)2{AcAc) , Cu(HFAcAc)2, or Al ( CH3 ) ^ as an 
organometallic gas. 

[4] A method of producing a micro three-dimensional 
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structure described in [1] is characterized in that the 
material gas is pyrene (C^^H^o) ^ styrene {C^Uq) , HMDS, or 
HMCTS as an organic gas • 

[5] A device for manufacturing a micro three- 
5 dimensional structure is characterized by comprising a 
sample carried on a temperature variable sample stage, a 
focused ion beam source, a gas supply device, and a focal 
position controlling apparatus for a focused ion beam, and 
forming a deposit on the sample by focused ion beam 

10 assisted CVD, forming a terrace on the deposit, deflecting 
a focused ion beam in a desired direction of the terrace 
based on a set amount sequentially from the focal position 
controlling apparatus to form an overlying deposit, and 
forming a set micro three-dimensional structure. 

15 [6] A micro three-dimensional structure obtained by 

the method of producing a micro three-dimensional 
structure described in [1] is a coil having an outer shape 
on the order of several micrometers to nanometers . 

[7] A micro three-dimensional structure described in 

20 [6] is characterized in that the micro three-dimensional 
structure is a micro coil having a diameter of 0.6 ^un and 
a wire diameter of 0.0 8 fjun. 

[8] A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 

2 5 structure described in [ 1 ] is a bellows having an outer 
shape on the order of several micrometers to nanometers. 
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[9] A micro three-dimensional structure described in 
[8] is characterized in that the micro three-dimensional 
structure is a micro bellows having an outer diameter of 

2.75 \ua, a height of 6,1 im, and a thickness of 0*1 ^im or 
5 more . 

[10] A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
structure described in [1] is a drill having an outer 
shape on the order of several micrometers to nanometers . 

10 [11] A micro three-dimensional structure described 

in [10] is characterized in that the micro three- 
dimensional structure is a micro drill having an outer 
diameter of 0.1 jm. 

[12] A micro three-dimensional structure obtained by 

15 the method of producing a micro three-dimensional 

structure described in [1] is a wine glass having an outer 
shape on the order of several micrometers . 

[13] A micro three-dimensional structure described 
in [12] is characterized in that the micro three- 

20 dimensional structure is a micro wine glass having an 

outer diameter of 2.75 jxm and a height of approximately 12 

[14] A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
25 structure described in [1] comprises diamond-lilce carbons 
made by a Ga"^ focused ion beam at an accelerating voltage 
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of 3 0 kV using pyrene (Ci^Hio) as an organic gas. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram generally illustrating the 
principles of production steps for a micro three- 
5 dimensional structure according to an embodiment of the 
present invention ; 

Fig. 2 is a diagram illustrating an exemplary micro 
three-dimensional structure produced in the space based on 
the principles of producing an FiB-assisted CVD micro 
10 three-dimensional structure; 

Fig. 3 is a diagram for explaining the principles of 
a focused ion beam assisted CVD (maskless deposition) 
method according to the present invention; 

Fig. 4 is a system configuration ' diagram for a micro 
15 three-dimensional structure production device according to 
the present invention; 

Fig. 5 is an explanatory diagram for a micro three- 
dimensional structure illustrating a first example of the 
present invention ; 
20 Fig. 6 is an explanatory diagram for a micro three- 

dimensional structure illustrating a second example of the 
present invention ; 

Fig. 7 is an explanatory diagram for a micro three- 
dimensional structure illustrating a third example of the 
2 5 present invention; and 

Fig. 8 is an explanatory diagram for a micro three- 
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dimensional structure illustrating a fourth example of the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Jn the following, an embodiment of the present 

5 invention will be described in detail. 

Fig. 1 is a diagram generally illustrating the 
principles of production steps for a micro three- 
dimensional structure according to an embodiment of the 
present invention. 

0 (1) First, as illustrated in Fig. 1(a), a focused 

ion beam 4 is irradiated while a material gas 3 is 
supplied onto a sample (substrate) 1 from a nozzle 2. In 
other words, focused ion beam assisted CVD is applied to 
form first layer deposit 5. 

5 (2) Subsequently, as illustrated in Fig. 1(b), ions 

impinge on first layer deposit 5 to release secondary 
electrons 6, and terrace 7 is formed of secondary 
electrons 6 . 

(3) Next, as illustrated in Fig. 1(c), focused ion 
0 beam 4 is deflected in a desired direction of terrace 7. 
As a result, second layer deposit 8 can be formed at a 
position on terrace 7 displaced by the deflected amount. 

A process for producing a micro three-dimensional 
structure actually produced using the principle diagram 
5 for the production of the micro three-dimensional 

structure, described in connection with Fig. 1, will be 
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discussed with reference to Fig. 2. 

(1) First, pyrene (CigHio) is supplied onto silicon 
substrate 100, on which a deposit is to be formed, as a 
carbon (C) source from a nozzle, while Ga" FIB is 

5 irradiated perpendicularly to the silicon substrate 100 at 
an accelerating voltage of 30 kV, to form carbon column 

101 (having a diameter of 0.08 jnn) perpendicularly to 
silicon substrate 100. 

(2) Subsequently, based on the principles 

10 illustrated in Fig. 1, an ion beam is slightly displaced 
on carbon column 101 to form a terrace on the order of 
several tens of nanometers in an ion beam scanning 
direction by spread of secondary electrons generated by 
the ion irradiation and having energy of several electron- 

15 volts. After the terrace has been fully formed, the beam 
is scanned over a range within the spread of the secondary 
electrons (within several tens of nanometers). As a 
terrace has been fully formed after the beam was moved, 
the beam is again scanned over a range within the spread 

20 of the secondary electrons. 

By repeating these steps, a micro three-dimensional 
structure formed of carbon column 102, and continuous 
carbon columns 103, 104, 105, 106, 107, 108, 109 and 110, 
sequentially in the space by further movements of the beam, 

25 can be produced corresponding to the movements of the ion 
beam. 
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In the following, the foregoing will be explained in 
detail. 

Fig. 3 is a diagram for explaining the principles of 
a focused ion beam assisted CVD (maskless deposition) 
5 method according to the present invention. 

In this figure, after w film 12 is deposited on 
sample 11, w film 12 undergoes the focused ion beam 
assisted CVD. For example, W film 12 is irradiated with 
focused ion beam (Ga^) 15 while W(CO)6 gas 14 is supplied 
10 from nozzle 13 as an organic metal gas. 

Then, focused ion beam (Ga'') 15 acts on W(CO)g gas 14 
to produce W + 6COt* For reference, numeral 16 designates 
a W(CO)6 molecule, and the W film applied with the focused 
ion beam assisted CVD has a conductivity of 100 to 200 
1 5 \iQ, • cm . 

Now, description will be made on an embodiment of 
the focused ion beam assisted CVD in the present invention. 

(A) Used as a beam source is a liquid metal ion (Ga*, 
Si""/ Si^^, Be\ Be^"^, Au^, Au"^"^, or the like), or a gas ion 

2 0 source (H\ He\ or the like). 

(B) Used as a material gas is an organometallic gas 
[WF,, W(CO),, Mo(CO),, Fe(C0)5, Ni(C0)4, Au ( CH3 ) ^ ( AcAc ) , 
Cu(HFAcAc)2. A1(CH3)2, or the like], or an organic gas 
[pyrene (C,^H^^) , styrene (C^R,^) , HMDS, HMCTS, or the like]. 

25 (C) A minimum beam diameter is 5 to 10 nm. 

(D) The following features are provided: 
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(1) The minimum beam diameter is small, so that it 
is advantageous in the production of a super micro three- 
dimensional structure . 

(2) Since the direction can be controlled with an 
5 electric field and a magnetic field, a free three- 
dimensional structure can be produced only through 
manipulations of the beam. 

(3) The mass is heavy as compared with electrons. 

(4) The traveling range is small. For example, it 
10 is 50 nm or less with 30 kV, Ga"", Si''. 

(5) A local limitation can be achieved so that a 
deposit can be formed only at a desired location. 

Thus , 

(a) an ion beam, for example, Ga^ reaches a substrate, 
15 and a deposit is gradually formed by a surface reaction 
with an organometallic gas. The growth in the vertical 
direction gradually moves a focal point of the beam 
upward ; 

(b) the ion beam impinges to release secondary 
20 electrons which form a terrace at leading ends of the 

deposit; and 

(c) the beam is slightly shifted on the terrace to 
incur the next growth. 

While the electron assisted CVD has a problem that 
2 5 electrons penetrate the terrace and reach unwanted 

locations at which unwanted deposits are formed, the ion 
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beam assisted CVD is free from the formation of such 
unwanted deposits because the ions travel over an order- 
of -magnitude short range as compared with electrons, so 
that a good micro three-dimensional structure can be 
produced . 

While the production is performed in the .order 
described above, the beam is controlled using a computer. 
In other words, a computer system is built for controlling 
the beam. 

Fig, 4 is a system configuration diagram for a micro 
three-dimensional structure production device according to 
the present invention. 

In this figure, reference numeral 21 designates a Ga 
liquid metal ion source; 22 a condenser lens; 23 a beam 
blanker; 24 an aligner; 25 a variable diaphragm; 26 a 
sting meter/aligner; 27 an objective lens; 28 a scanning 
electrode; 30 a sample stage; 31 a sample; 33 a secondary 
charged particle detector; and 33 a gas supply device. 
This gas supply device 33 has reserver 34, heater 35 and 
the like. This configuration is similar to an FIB based 
maskless deposition device for use in the processing of 
LSI. A control system for each component is omitted . 

As illustrated in this figure, in the present 
invention, ion beam focal position controlling apparatus 
40 is connected to objective lens 27 and scanning 
electrode 28 to control a fine focal position. Focal 
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position controlling apparatus 40 has CPU (central 
processing unit) 41; three-dimensional position data 
memory 42 for producing a micro three-dimensional 
structure; display device 43; input/output interface 44^ 
5 and input /output device 45. 

Here, Ga-based liquid metal ion source 21 is 
generally used Ga with an accelerating voltage of 30 kV. A 
beam current is required to be as high as approximately 10 
pA. Gas supply device 33 required for deposition is also 

10 provided to supply reserver 34 with pyrene (CigHio) as a raw 
material, and reserver 34 and gas passage are heated by 
heater 35 for sublimation. 

In the following, description will be made on a 
specific examples of micro three-dimensional structures. 

15 The following micro three-dimensional structures 

were produced on a trial basis using a mainly C-based gas 
as an organic gas and monovalent Ga ions as metal ions. In 
these examples, it is confirmed by a Raman spectroscopy 
that films produced by CVD using pyrene (C^^H^^) as an 

2 0 organic gas, and Ga^ FIB with an accelerating voltage of 3 0 
kV are diamond-like carbons. 

Fig, 5 is an explanatory diagram of a micro three- 
dimensional structure illustrating a first example of the 
present invention . 

25 In this example, a coil 51 having a diameter of 

0.6 ^im and a wire diameter (1)2 of 0.08 ^m could be produced 



- 12 - 



in three turns for two minutes (at a period of 40 seconds) 
using a mainly C-based gas as an organic gas, and 
monovalent Ga ions as metal ions. The carbon micro coil 
thus produced can be utilized as a device effective in the * 
5 absorption of electromagnetic waves which cause 
malfunctions of medical equipment and the like. 

Fig. 6 is an explanatory diagram for a micro three- 
dimensional structure illustrating a second example of the 
present invention . 
10 In this example, micro bellows 52 having an outer 

diameter <j)3 of 2.75 pun, a height hi of 6.1 pirn, and a 

thickness d^ of 0.1 \xm or more could be produced using Ga.^ 
FIB with an accelerating voltage of 30 kv, and a beam 
current of 16 pA for 300 seconds. The micro bellows thus 
15 produced is essential for fitting when a micro system is 
built . 

Fig. 7 is an explanatory diagram for a micro three- 
dimensional structure illustrating a third example of the 
present invention . 
20 In this example, a drill 53 having an outer diameter 

<1)4 of 0.1 jxm could be produced using a mainly W-based gas 
as an organic gas and monovalent Ga ions as metal ions . By 
mounting the micro drill thus produced at the tip of a 
micro motor, micro holes can be formed. For example, a 
25 hole smaller than a red blood cell can be formed through a 
blood vessel, thereby making it possible to prevent 
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hemorrhage when a medicine is injected. 

Fig. 8 is an explanatory diagram for a micro three- 
dimensional structure illustrating a fourth example of the 
present invention. 
5 In this example, a micro wine glass 54 having an 

outer diameter (1)5 of 2.75 fxm and a height hj of 12 \xm could 
be produced using Ga^ FIB with an accelerating voltage of 
3 0 kv, and a beam current of 16 pA for 6 00 seconds. 
The present invention is not limited to the 
10 foregoing examples, but can be modified in various manners 
based on the gist of the present invention, and such 
modifications should not be eliminated from the scope of 
the present invention. 

As described above in detail, according to the 
15 present invention, it is possible to produce a micro 

three-dimensional structure (micrometer- to nanometer- 
order outer shape) having a complicated structure. 
INDUSTRIAL AVAILABILITY 

The present invention is suitable for the field of 
20 the production of a micro three-dimensional structure 

having a complicated structure, and can be applied, for 
example, to semiconductor manufacturing processes. 
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CLAIMS 

1. A method of producing a micro three-dimensional 
structure, characterized by comprising the steps of: 

(a) irradiating a focused ion beam to a sample while ' 
supplying a material gas to form a deposit; 
5 (b) releasing secondary electrons from said deposit 

hit by ions to allow said secondary electrons to form a 
terrace on said deposit; 

(c) deflecting the focused ion beam in a desired 
direction of said terrace based on a set amount from a 

10 focal position controlling apparatus; 

(d) forming an overlying deposit at a displaced 
position on said terrace based on the deflection amount; 
and 

(e) repeating said steps (b) to (d) in sequence to 
15 form a set micro three-dimensional structure. 

2. A method of producing a micro three-dimensional 
structure according to claim 1, characterized in that a 
beam source is Ga% Si\ Si^\ Be\ Be"% Au\ or Au"" as 
liquid metal ions, or H"" or He"^ as a gas ion source • 

3. A method of producing a micro three-dimensional 
structure according to claim 1, characterized in that said 
material gas is WF^, W(CO)g, Mo(CO)e, Fe(C0)5, NiCCO)^, 
Au(CH3)2(AcAc) , Cu(HFAcAc)2, or Al ( CH3 ) j as an 



- 15 - 



)^ ,r") ^ ^ ^ V 

f« •• ^ S»K>a» «■■>->*», -awnr S***^ *fr "■*•■>♦ »•»■-• « 



5 organometallic gas. 



4. A method of producing a micro three-dimensional 
structure according to claim 1, characterized in that said 
material gas is pyrene (CigHio), styrene (C^H,^) , HMDS, or 
HMCTS as an organic gas. 

5. A device for manufacturing a micro three- 
dimensional structure, characterized by comprising: 

(a) a sample carried on a temperature variable 
sample stage; 
5 (b) a focused ion beam source; 

(c) a gas supply device; and 

(d) a focal position controlling apparatus for a 
focused ion beam; and 

(e) forming a deposit on said sample by focused ion 
10 beam assisted CVD, forming a terrace on said deposit, 

deflecting a focused ion beam in a desired direction of 
said terrace based on a set amount sequentially from said 
focal position controlling apparatus to form an overlying 
deposit, and forming a set micro three-dimensional 
15 structure. 

6. A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
structure according to claim 1, wherein the micro three- 
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dimensional structure is a coil having an outer shape on 
an order of several micrometers to nanometers. 

7. A micro three-dimensional structure according to ' 
claim 6, characterized in that the micro three-dimensional 
structure is a micro coil having a diameter of 0.6 \im and 

a wire diameter of 0.08 |m. 

8. A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
structure according to claim 1, wherein the micro three- 
dimensional structure is a bellows having an outer shape 
on an order of several micrometers to nanometers . 

9 . A micro three-dimensional structure according to 
claim 8, characterized in that the micro three-dimensional 
structure is a micro bellows having an outer diameter of 

2.75 \ua, a height of 6.1 \iia, and a thickness of 0.1 (xm or 
more . 

10. A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
structure according to claim 1, wherein the micro three- 
dimensional structure is a drill having an outer shape on 
an order of several micrometers to nanometers. 
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11. A micro three-dimensional structure according to 
claim 10, characterized in that the micro three- 
dimensional structure is a micro drill having an outer 
diameter of 0.1 |u,m. 

12. A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
structure according to claim 1, wherein the micro three- 
dimensional structure is a wine glass having an outer 

5 shape on an order of several micrometers . 

13- A micro three-dimensional structure "according to 
claim 12, characterized in that the micro three- 
dimensional structure is a micro wine glass having' an 
outer diameter of 2.75 \xxa and a height of approximately 12 
5 fim. 

14. A micro three-dimensional structure obtained by 
the method of producing a micro three-dimensional 
structure according to claim 1, wherein the micro three- 
dimensional structure comprises diamond-like carbons made 
5 by a Ga^ focused ion beam at an accelerating voltage of 3 0 
kV using pyrene (C^^H^^) as an organic gas • 



- 18 - 



ABSTRACT 

A micro three-dimensional structure capable of 
producing a micro three-dimensional structure (micrometer- 
to nanometer-order outer shape) having a complicated 
5 structure, a production method therefor and production 

device therefor are provided. In the production method for 
the micro three-dimensional structure, performed are the 
step of irradiating a focused ion beam (4) to a sample (1) 
while supplying a material gas (3) to form a first-layer 

10 deposit (5), the step of releasing secondary electrons (6) 
from the first-layer deposit (5) hit by ions to allow the 
secondary electrons ( 6 ) to form a terrace ( 7 ) on the 
first-layer deposit (5), a step of deflecting the focused 
ion beam (4) in a desired direction of the terrace (7) 

15 based on a set amount from a focal position controlling 

apparatus, a step of forming a second-layer deposit (8) in 
a deflected position on the terrace (7) based on the 
deflection amount, and a step of repeating the above steps 
to form a set micro three-dimensional structure. 
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D ECLARATION AND POWER OF ATTORNEY 

As a below named mventor. I hereby declare that my residence, post office address and citizenship are as stated below next to my 
name: that I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural 
names are listed below) of the subject matter claimed and for which a patent is sought in the application entitled: 

MICRO THREE-DIMENSIONAL STRUCTURE, PRODUCTION METHOD THEREFOR AND 

PRODUCTION DEVICE THEREFOR 
which application is: PCT/ JPOO / 054 99 , filed August 17, 2000 

the attached application _2L application Serial No. 10/089 ,6,Sfi . 

(for original application) filed April 3, 2002 . and amended on 

(for declaration not accompanying application) 

that I have reviewed and understand the contents of the specification of the above-identified application, including the claims, as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware which is 
material to the patentability of this application under 37 C.F.R. 1.56, that I hereby claim foreign priority benefits under Title 35, 
United States Code §119, §172 or §365 of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified on said list any foreign application for patent or inventor's certificate on this invention having a filing date before that of 
the application on which priority is claimed: 

AppUcation Number Country FUing Date Priority Claimed 

(yes or no) 

286337/99 Japan October 7, 1999 Yes 

I hereby claim the benefit of Title 35, United States Code §120 of any United States applicaiion(s) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in a listed prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, §1 12, I acknowledge my duty to disclose any information material 
to the patentability of this application under 37 C.F.R. 1.56 which occurred between the filing date of the prior application and the 
national or PCT international filing date of this application: 

AppUcation Serial No. FilingJJate..,^^ SUtus 

^ \ (patented, pending, abandoned) 

1 hereby appoint John H. Mien, Reg. No . 18.879; D onald E. Zinn, Reg. No. 19.046; Thomas J. Macpeak, Reg. No. ^19.292 .; Robert 
J Seas. Jr., Reg-J fe). 21.092; D arryl Mexic, Reg. No..22JJfi3.; Robert V. Sloan. Reg. No. 22.775;. Peter D. Olexy. Reg. No. 
24 513 J Frank Osha, Reg. N o. 24.62 5; Waddell A. Biggart. Reg. No. 24,861; Robert G. McMorrow. Reg. No.. J9,59iu Louis 
Gubinsky, Reg. No. 2 4.835; N eiFgrsTegel. Reg. No . 25.200; David J. Gushing. Reg. No. 28.70 3; John R. Inge, Reg. No. 26,9 L6; 
Joseph J. Ruch, Jr.. Reg. No. 26.577; Sheldon I. Landsman, Reg. No. 25.430 ; Richard C. Turner, Reg. NO;J9/7ip; Howard L. 
Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. Uo^^^i Kenneth J. Burchfiel, Reg. No.. 31.333; Gordon Kit. Reg. No. 
30 764 Susan J. Mack, Reg. N o. 30,951 ; Frank L. Bernstein. Reg. No . 31.484: M ark Boland, Reg. No ^2. 197; William H. 
Mandir; Reg. N o. 32.156; Scott M. Daniels. Reg. No . 32.562 ; Brian W. Hannon, Reg. No^^2£778 and Abraham J. Rosner. Reg. 
No. 33,276. my attorneys to prosecute this application and to transact all business in die Patent and Trademark Office connected 
therewith, and request that all correspondence about the application be addressed to/SUGHR UE, MION, ZINN, 
MACPEAK & SEAS. 2100 Pennsylvania Avenue. N.W.. Washington. D.C. 20037-3202. 



1 hereby declare that all statements made herein of my own knowledge are true and that ail statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application orany patent issuing thereon. 

nate July 16, 2002 Firs/ I'^^r. — ^^^^ _mX£UI_ 



Residence Hyogo , Japan Signature 



Fint Nime Middle Initial Last Name 




Post Office Address 5-23-2, Tsujii 7-choine, 



Citizenship Japanese Himeji-shi, Hyogo 670-0083, Japan 



